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A meta-analysis review of the effects of recombinant bovine somatotropin
1. Methodology and effects on production

I.R. Dohoo, K. Leslie, L. DesCôteaux, A. Fredeen, P.  Dowling, A. Preston, W. Shewfelt

A b s t r a c t
This manuscript presents the results of a review of the effects of recombinant bovine somatotropin (rBST) on milk production, milk 
composition, dry matter intake, and body condition score that was carried out by an expert panel established by the Canadian 
Veterinary Medical Association (CVMA). The panel was established by the CVMA in response to a request from Health Canada 
in 1998 and their report was made public in 1999. A series of meta-analyses was used to combine data on production and nutrition 
related parameters that were extracted from all randomized clinical trials, which had been published in peer-reviewed journals or 
which were provided by Health Canada, from the submission by Monsanto for registration of rBST in Canada. A companion paper 
will present the results of the effects of the drug on measures of health, reproductive performance, and culling parameters. 
Recombinant bovine somatotropin was found to increase milk production by 11.3% in primiparous cows and 15.6% in multiparous 
cows; although there was considerable variation from study to study. While some statistically significant effects on milk composition 
(% butterfat, protein, and lactose) were found, they were all very small. Treatment increased dry matter intake by an average 
1.5 kg/day during the treatment period and dry matter intake remained elevated on into the first 60 days of the subsequent lactation. 
Despite the increase in dry matter intake, treated animals had lower body condition scores at the end of the treatment period, and 
the reduced scores persisted through until the start of the subsequent lactation.

R é s u m é
Les résultats d’une revue effectuée par un groupe d’experts formé par l’Association canadienne des médecins vétérinaires (CVMA) sur 
les effets de somatotropine recombinante (rBST) sur la production laitière, la composition du lait, l’ingestion de matière sèche et l’état de 
chair sont présentés. Le groupe a été formé par l’ACMV en réponse à une demande de Santé Canada en 1998 et leur rapport a été rendu 
public en 1999. Une série de méta-analyses ont été utilisées afin de combiner des données sur des paramètres de production et de nutrition 
extraites de tous les essais cliniques qui avaient été publiés dans des revues avec comité de lecture ou qui ont été fournis par Santé Canada 
à partir des documents soumis par Monsanto pour homologation de rBST au Canada. Un deuxième article accompagnant le présent article 
présentera les résultats des effets du produit sur des indicateurs de santé, les performances de reproduction et des paramètres reliés à la 
réforme des animaux. On a trouvé que la rBST augmentait la production laitière de 11,3 % chez les vaches primipares et 15,6 % chez les 
vaches multipares; bien qu’il y avait des variations importantes d’une étude à l’autre. Bien que certains effets statistiquement significatifs 
sur la composition du lait (% matières grasses, protéine et lactose) aient été trouvés, ils étaient relativement minimes. Le traitement a 
augmenté l’ingestion de matière sèche d’une moyenne de 1,5 kg/j durant la période de traitement et cette augmentation demeura présente 
durant les 60 premiers jours de la lactation subséquente. Malgré l’augmentation d’ingestion de matière sèche, les animaux traités avaient 
des pointages d’état de chair inférieurs à la fin de la période de traitement et ces pointages ont persisté jusqu’au début de la lactation 
subséquente.

(Traduit par Docteur Serge Messier)

I n t r o d u c t i o n
Recombinant bovine somatotropin (rBST) is a synthetically derived 

hormone that may be identical to naturally occurring bovine growth 
hormone, or slightly modified by the addition of extra amino acids. In 
1993, sometribove (Posilac; Monsanto Corporation, St. Louis, Missouri, 
USA) was approved for use in the United States, but the product was 

not actually sold for commercial use until early in 1994. The product 
was approved for sale with a package insert which identified a number 
of possible adverse health effects including increased risk of adverse 
reproductive effects, clinical mastitis, feet and leg problems, injections 
site reactions, udder edema, and other general health effects. 

In 1991, Monsanto submitted an application to Health Canada, 
Bureau of Veterinary Drugs, for registration of sometribove in 
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Canada, but this application was withdrawn in 1994 and replaced 
with a 2nd application for a product to be called Nutrilac. In late 
1998, following considerable internal review, Health Canada decided 
to seek external assistance in the review process from 2 independent 
expert panels. The Royal College of Physicians and Surgeons was 
asked to establish an expert panel to review the human health impli-
cations of the use of rBST in Canadian dairy cattle. The Canadian 
Veterinary Medical Association (CVMA) was asked to establish an 
expert panel to review the data related to the efficacy of the product 
and potential effects on animal health. The specific mandate of this 
latter expert panel was as follows.

“1. Review the scientific data used by the Bureau of Veterinary 
Drugs to determine that Nutrilac (rBST) when used in accordance 
with its label directions will increase milk production without 
resulting in serious health problems which cannot be adequately 
controlled by current cattle management practices.
2. Make observations and recommendations regarding the adequacy 
of the scientific data submitted by the manufacturer of Nutrilac 
(rBST) or existing elsewhere to make sound scientific assessments 
regarding the product efficacy and animal health risks associated 
with the use of Nutrilac (rBST) in Canadian dairy cattle.”
In initial discussions involving the CVMA and Health Canada, it 

was made clear that issues related to animal welfare would be 
considered under the rubric of animal health.

Establishing the expert panel
The CVMA expert panel consisted of the authors of this 

manuscript and collectively they had expertise in epidemiology, 
dairy health management, dairy nutrition, animal welfare, and 
clinical pharmacology. All panel members were subjected to 
evaluation under Health Canada’s conflict of interest guidelines and 
served without compensation, although panel expenses were covered 
by Health Canada. Once established, the panel operated completely 
independently of the CVMA and Health Canada. The panel 
commenced operation in May 1998 and submitted its final report (1) 
in November 1998.

Considerations in defining the process
A number of factors were considered in determining what review 

process would be followed. First, the panel recognized the need to 
review the impact of rBST on a wide variety of health and production 
parameters. Second, it was recognized that there was considerable 
evidence as to the effects of rBST in both the Monsanto submission 
to Health Canada and in the peer-reviewed published literature, 
and it would be important to consider both sources. Third, the peer-
reviewed published literature includes studies based on sometribove 
(Monsanto) and on other rBST formulations from other companies. 
While the report submitted to Health Canada focussed on data 
obtained from studies involving sometribove, the results of other 
studies were also considered. Fourth, it was recognized that while 
studies that were reported in the submission or the published 
literature would each have a primary outcome (usually related to 
efficacy), most studies would have additional data on other outcomes 
(animal health effects). Finally, it was recognized that a process for 
combining information derived from multiple studies was needed, 
and this is discussed in more detail in the following section.

Combining data from multiple studies
There are 2 major reasons for combining information derived from 

multiple studies. The 1st is to derive an overall estimate of the 
magnitude of an effect along with an estimate of the variability of that 
effect across the studies.  The 2nd is to identify important effects that 
may not be evident from individual studies. While many studies of 
rBST have been carried out, most of the studies had small or moderate 
sample sizes (less than 100 cows). While studies of this size were 
adequate to evaluate some of the major production effects of rBST, 
they had insufficient power to detect either beneficial or harmful 
health effects associated with the use of the drug. The power of a study 
is defined as the probability of finding a statistically significant effect 
if, in fact, a true effect of a defined magnitude is present. Studies with 
insufficient power may not detect important effects associated with 
the use of a drug. In general, much larger sample sizes are required 
to detect drug effects on parameters measured on a dichotomous scale 
(presence/absence of clinical mastitis) than outcomes measured on a 
continuous scale (milk production). The consequence of insufficient 
power in individual studies may be that a number of studies each 
report no significant effect on an outcome of interest, even though a 
real effect may exist and this effect may be detected by combining the 
data from the studies. 

There are 3 general approaches to combining data from multiple 
studies: traditional narrative reviews, pooling of raw data from 
multiple studies, and meta-analyses. A traditional narrative review 
incorporating a qualitative assessment of the studies and subjective 
“pooling” of the results is most appropriate if there are a very limited 
number of studies and considerable detail about each of those studies 
is available. This approach has the advantage that the unique 
circumstances of each study can be taken into account. However, 
although many excellent reviews are carried out in this manner, they 
are subjective in nature and prone to reviewer bias (2). This type of 
review may also fail to detect meaningful effects which were not 
statistically significant in any individual studies. Finally, there is a 
tendency when subjectively combining data from multiple studies 
to assign roughly equal weights to each of the studies. As will be 
seen later in this report, it is clear that some studies should be 
assigned more weight than other studies. An rBST review of this 
nature was published in 1994 (3).

Directly pooling raw data from multiple studies and repeating 
an analysis based on a larger number of cows is one effective way 
of increasing the power of a group of studies to detect effects. The 
major limitation to this approach is that these analyses can only be 
carried out if all of the original data are available to the reviewers 
and have been recorded in a consistent manner that will allow them 
to be pooled. This approach is the most resource intensive and 
time-consuming approach to carrying out a systematic review (2) 
and was not feasible given the large number of rBST studies to 
be considered. 

The 3rd approach to combining data from multiple studies is to use 
meta-analysis, which has been defined as “the statistical analysis of 
a large collection of analysis results from individual studies for the 
purpose of integrating the findings” (4). It is a formal statistical 
process which starts with reported results from multiple studies and 
produces 3 main outputs: an overall estimate of the effect (effect of 
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rBST on risk of clinical mastitis), an estimate of the heterogeneity 
(variability) of results among studies, and a visual presentation of the 
results to enable the reviewer to easily assess the evidence. It provides 
an objective assessment of the available evidence and can also identify 
gaps in knowledge about a subject. However, there are a number of 
important issues to be considered in carrying out a meta-analysis, 
including: the criteria for selecting studies for inclusion in the analysis, 
the statistical method used to compute the overall estimate and its 
standard error, an evaluation of potential reasons for discrepancies in 
results among studies, and the potential effect of publication bias on 
the results. Each of these is discussed in more detail in the discussion 
section and the reader is referred to other literature for more complete 
descriptions of the meta-analysis process (2,5).

Objectives
The objective of this study was to summarize information available 

in the literature on the effects of rBST on both measures of 
productivity and health in dairy cattle. Specifically, the technique of 
meta-analysis was used to combine results from multiple studies in 
order to estimate an overall effect and to evaluate possible sources 
of variability of the results among studies. Given the broad range of 
effects considered, a review and discussion of the potential biological 
mechanisms underlying each of these effects was beyond the scope 
of this study. This first article presents the review of the effects of 
rBST on milk production, milk composition, dry matter intake, and 
body condition score (BCS). A companion article will present the 
results of the effects of rBST on health, reproductive performance, 
and culling parameters.

M a t e r i a l s  a n d  m e t h o d s

Literature review
A literature review based on Medline Express (1991 to May 1998); 

Agricola (1984 to March 1998); and CABWeb Databases, including 
Index Veterinarius and Veterinary Bulletin (up to May 1998), identified 
a total of 1777 references related to rBST. Details of the literature search 
strategy were published in the initial panel report (1). References were 
removed if the title indicated that the study pertained to a species 
other than dairy cattle, pertained to the use of the drug in ages other 
than lactating cows, were specifically related to the use of the product 
in tropical environments, were related to the mechanism of action of 
the drug or to the potential human health effects, were not published 
in peer-reviewed publications, or if they were not written in English. 
The resulting list of 242 potentially relevant articles was reviewed by 
all of the panel members and a subset consisting of previous review 
papers plus all articles that any panel member felt was likely to 
contain results from randomized clinical trials was identified. These 
manuscripts were then combined with the set of study reports 
submitted by Monsanto to Health Canada as part of the drug approval 
process, to create the literature base upon which the review was 
carried out.

Outcome parameters evaluated/data extraction
Table I lists all of the parameters for which data were extracted, 

if available, from the selected literature. Data were only extracted 

from reports of randomized clinical trials although the studies need 
not have been conducted in a blind manner.

If a study reported quantitative data for any of the parameters 
identified, the following information was recorded: the parameter of 
interest and its standard error or confidence interval, the P-value from 
the test of significance of the treatment effect, and whether or not the 
parameter estimate had been adjusted for level of milk production. 
In many cases, measures of health effects were not specifically 
presented in the study report or paper. However, it was often possible 
to obtain the information needed to compute some of the key 
parameters. For example, a paper may not have reported the relative 
risk of clinical mastitis, but it may have reported the number of cows 
affected and the number at risk of mastitis in each of the treatment 
groups. From these data, the relative risk of mastitis and its confidence 
interval were computed and used in the meta-analysis.

In addition to data on the outcome of interest, the following key 
features of the study were recorded: the manufacturer of the product, 
dose, interval between doses, route of administration (intra-muscular 
or subcutaneous), parity of the cows in the study, stage of lactation 
at start of treatment and duration of treatment, and whether the 
study was reported in peer-reviewed literature or only in a Monsanto 
study report. Some additional considerations in the data extraction 
process were as follows. 
• Many of the studies were dose titration trials designed to 

determine the dose-efficacy relationship. For these multi-dose 
studies, data from the dose of rBST which was closest to the daily 
dose (500 mg/14d = 35.7 mg/d) for the product currently 
registered in the United States (Posilac) were used. If a study 
reported results from both sustained release and daily injection 
protocols, only the data from the dosage closest to 35.7 mg/d were 
used. Data that had already been pooled across doses in multiple 
dose studies and that did not provide individual dose data were 
not used.

• If data were reported separately by parity (usually primiparous 
versus multiparous), they were recorded as such and consequently, 
one study may have contributed more than 1 set of observations 
to the meta-analysis.

• If data were reported separately by study year, such as year 1, 
year 2, etc. in multi-lactation studies, they were recorded as such. 

• The early period, for example the first 60 d, of a lactation that 
followed a lactation where rBST had been used was defined as 
the “carry-over period” and some parameters were recorded for 
this period. 
Each entry (record) in the database created from the data extraction 

process represented one outcome of interest (parameter) in one group 
of cows in a study. For example, one entry might represent the effect 
of rBST on the somatic cell count (log transformed) in primiparous 
cows in one study. Since not all studies reported outcomes using 
measures listed in Table I, other relevant outcomes were recorded, as 
deemed appropriate, and were considered subjectively in the 
evaluation process. 

Meta-analyses
For each outcome parameter for which there were several valid 

estimates available from the literature, a minimum of 4 meta-analyses 
were carried out. First, a fixed effect meta-analysis (with each study 
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being weighted by the inverse of the variance of the parameter 
estimate) was carried out using data only from studies in which 
sometribove had been the product used. A fixed effects meta-analysis 
assumes a constant (or “fixed”) treatment effect with variability in 
observed effects only being due to random variation. This 
assumption of homogeneity of treatment effects was tested with “Q” 
statistic (2).  Subsequently, a random effects analysis based on the 
method of DerSimonian and Laird (6) was carried out. This method 
assumes the study estimates have a normal distribution with an 
overall mean and a between-study variance, which is estimated from 
the data. A 2nd pair of analyses (fixed and random effects) was 
subsequently carried out using all of the studies (regardless of rBST 
formulation) in which the parameter had been reported. A 3rd set 
of analyses was carried out using studies based on formulations 
other than sometribove. In addition, separate meta-analyses were 
carried out for the different age groups of cows (primiparous versus 
multiparous), where warranted. 

Whether the results presented were based on the random effects 
model or the fixed effects model was determined by examining a 
statistical test of the heterogeneity of the results across the studies. 
If significant heterogeneity was observed (P  0.05) the random 
effects estimator was used and included in the forest plot (Figure 1) 
that was generated for each outcome parameter evaluated.

Meta-regression analyses (7) were used to evaluate the effects of 
product formulation (sometribove or other formulations), parity of 
cows (primiparous, multiparous, or all combined), study size 
(number of cows), study precision (standard error of estimate), 
publication source (peer-reviewed or company report), duration of 
treatment (days), and expected daily dosage (mg/d) on each outcome 
of interest. These analyses used a weighted regression to determine 
if there was any evidence of a linear relationship between the 
observed result and the factor being investigated (study size). Each 
factor was investigated separately as there were too few studies for 

any of the outcomes of interest to attempt multivariable analyses. 
For comparability with the methods used for the meta-analyses, a 
moments estimator of the between-study variance was used in the 
meta-regressions.

The possibility of publication bias affecting the meta-analyses was 
investigated in several ways. First, the effects of study size or 
precision (as determined above) on observed effects were evaluated. 
Second, both Begg’s (8) and Egger’s (9) tests for publication bias 
were computed. Finally, “funnel plots” (Figure 2) were used to 
graphically assess whether publication bias was a problem (2). All 
analyses were carried out using a statistical program (Stata, 
Version 7; Stata Corporation, College Station, Texas, USA) (10).

R e s u l t s  a n d  d i s c u s s i o n

Literature review
From the original 1777 articles identified by the literature review, 

242 were considered potentially relevant and were examined by all 
panel members. Of these, 60 were identified as useful review articles 
or reports likely to contain data from a randomized controlled 
clinical trial. These manuscripts were combined with 26 study reports 
submitted by Monsanto as part of their submission to Health Canada 
to form the literature base for this review. Of these 86 reports, 
53 provided data for use in 1 or more meta-analyses. The other 
33 articles were excluded because they did not contain data on any 
of the relevant outcomes (n = 17), were review articles with no 
original data (n = 6), were based on studies of less than 10 cows 
or the treatment duration lasted less than 1 mo (n = 4), presented 
data in a manner that were not usable in the meta-analyses (n = 4), 
or were duplicates of other reports (n = 2). If data from a study were 
reported in both a Monsanto report and a peer-reviewed manuscript, 
the latter has been cited. From the 53 reports providing data useful 

Table I. Complete list of health and production parameters considered in the review of the effects of 
recombinant bovine somatotropin (rBST)

Parameter Units Type of outcome
Fat corrected milk (FCM) (3.5% FCM and 4% FCM) kg/d md
Milk components — % butter fat, % protein, % lactose % md
BCS throughout and at the end of the treatment period units (1–5) md
Body weights and changes in body weight kg md
Dry matter intake kg/d md
Net energy intake mcal/d md
Clinical mastitis NA irr, rr
Prevalence-quarter intra-mammary infection % md
SCC (log base 10 and natural log) log cells/mL md
Days open days md
Overall non-pregnancy rate NA rr
Services per conception number md
Gestation length days md
Risk ratios for abortion, cystic ovaries, and twinning NA rr
Clinical lameness — risk ratio NA rr
Removal — culling risk ratio and death risk ratio NA rr
md — mean difference between the 2 groups; BCS — body condition score; irr — incidence rate ratio comparing the 
2 groups; rr — risk ratio or relative risk comparing the 2 groups; NA — not applicable; SCC — somatic cell count
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for meta-analyses, a total of 546 outcome parameter estimates from 
94 groups of cows were extracted and included in the database. 

All data included in the meta-analyses were derived from 
randomized clinical trials with random assignment of cows to 
treatment groups. Such studies are much less subject to the forms of 
bias that affect non-randomized studies of treatment effects (11).

“.... the randomised controlled trial is at present the unchallenged 
source of the highest standard of evidence used to guide clinical 
decision making.” (12)
Observational studies of the effects of treatments can potentially 

suffer from a serious selection bias, in that producers choosing to use 
the treatment may be very different from those that do not. In addition, 
only those producers continuing to use the treatment for a reasonable 
period of time are generally considered in the “treatment group” and 
these are presumably self-selected producers who observed a favourable 
response to the treatment with few side effects. 

The use of a placebo in the control cows was common, but it was 
not universal across studies. There is some debate about the value 

of placebo treatments in rBST studies given that the product tends 
to produce a fairly obvious increase in production that negates the 
masking effect of the placebo. Both placebo and non-placebo based 
studies were included in the meta-analyses. There was some 
variability in how withdrawal of animals from studies was handled 
across studies. However, most studies were relatively short-term in 
nature and few animals were removed from the study, so no 
adjustment was made on this basis.

Meta-analysis methods
A primary method of presentation of results from a meta-analysis 

is a forest plot (Figure 1). In these plots, each line represents the 
results from a single study (or distinct group of cows within a study). 
Each line is labelled with a unique label which identifies the study 
and group of cows represented. The name of the first author and 
year of publication is followed by a single letter indicating the age 
of the cows in the study (p = primiparous, m = multiparous, a = all 
ages combined) and a final digit indicating the year of the study (this 
was only  1 for multi-lactation studies that reported results 
separately for each successive lactation). The length of the line 
represents the 95% confidence interval for the parameter estimate 
from the study. The centre of the shaded box on each line marks the 
point estimate of the parameter from that study, and the area of the 
box is proportional to the weight assigned to the study in the meta-
analysis. Studies with large boxes have had a strong influence on 
the overall estimate. The dashed vertical line marks the overall 
estimate of the effect. The  at the bottom of the dashed line shows 
the confidence interval for the overall effect estimation. The solid 
vertical line marks the value where rBST would have no effect 
(a mean difference of 0 or a relative risk of 1).

One important consideration in a meta-analysis is whether to 
assume a fixed effect (the treatment effect is constant across all 
studies) or a random effect (analysis does not make that assumption 
although it still computes an overall estimate of the effect). Both 
types of analysis were carried out in this study and the results from 
the fixed effect model presented as the primary result (Table II) if 
the statistical test of heterogeneity was non-significant. However, 
tests for heterogeneity have relatively low power in situations where 
only a small number of studies have been included, so a complete 
set of results from both types of analysis have been presented 
(Table III). With the exception of % protein when all age groups of 
cows were considered together (and in which there was clear 
evidence of heterogeneity), the estimates of the overall effect from 
the 2 sets of analyses were very close.

One of the concerns that was raised following the publication 
of the panel’s report (1) was that the analyses combined data from 
studies based on different formulations of rBST (from different 
manufacturers) and from studies with different protocols (different 
dosages, durations of treatment, etc.) (13). This concern was 
presumably based on an incorrect assumption that meta-analyses 
should only be carried out on a series of very similar studies. In 
fact, the finding of consistent results across a range of studies 
based on varying methodologies adds strength to the conclusion 
of an overall effect (5). For example, a recent meta-analysis of the 
ability of -blockers to reduce the short-term risk of myocardial 
infarction included results from studies using 12 different drugs (14). 

Figure 1. Forest plot of effects of recombinant bovine somatotropin (rBST) 
on 3.5% fat corrected milk (FCM) (kg/d). The overall estimate was derived 
from the random effects meta-analysis. See text for explanation of 
components of the graph.

Figure 2. Funnel plot of the point estimates of the effect of recombinant 
bovine somatotropin (rBST) on 3.5% fat corrected milk (FCM) versus the 
standard errors of those estimates. Evidence of publication bias would be 
the presence of numerous points in the upper right quadrant (large effect, 
large standard error) with few being present in the lower right quadrant 
(small or negative effect, large standard error).
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Similarly, a review of homeopathic treatments was based on a wide 
range of different treatments (15). Nevertheless, it was considered 
important that the results from a meta-analysis based only on 
sometribove (produced by Monsanto) be compared with those 
obtained from studies based on other formulations or on all studies 
combined (Table IV). The results from the 3 sets of analyses were 
very similar. 

Publication bias is a concern in any form of review that combines 
data from multiple studies. The primary concern is that studies with 

positive results are more likely to be published, resulting in an 
estimate of effect that is biased away from the null (apparent effects 
of rBST would be inflated). Since smaller studies (or more generally, 
those studies with large standard errors of the estimated effect) are 
less likely to find a positive result, they may be more prone to not 
being published. In the presence of publication bias, a plot (funnel 
plot) of effect estimates against their standard errors should show a 
lack of studies with small effects but large standard errors (bottom 
right quadrant in Figure 2). In addition to visually assessing funnel 

Table II. Results from meta-analyses of the effects of recombinant bovine somatotropin (rBST) on production and nutrition-related 
parameters

 Number of Fixed/
Parameter groups randoma Estimate Lower Upper P
3.5% FCM — all cows (kg/day) 28 R 4.43 3.85 5.02  0.01
3.5% FCM — primiparous Holsteins (kg/day) 6 R 3.03 1.74 4.31  0.01
3.5% FCM — multiparous Holsteins (kg/day) 7 F 4.36 3.70 5.02  0.01
3.5% FCM — carryover periodb (kg/day) 3 F 0.66 0.88 2.19 0.40
% butter fat 27 F 0.060 0.033 0.088  0.01
% lactose 15 F 0.015 0.001 0.032 0.07
% protein — all cows 27 R 0.013 0.014 0.039 0.35
% protein — primiparous Holsteins 6 R 0.018 0.039 0.076 0.53
% protein — multiparous Holsteins 7 F 0.036 0.008 0.064 0.01
Dry matter intake (kg/day) 22 R 1.52 1.14 1.90  0.01
BCS at end of study periodc 4 R 0.22 0.34 0.09  0.01
BCS in carryover period 3 F 0.19 0.32 0.07  0.01
FCM — fat corrected milk; BCS — body condition score
a The choice of fixed (F) or random (R) effects model was based on a test of the statistical significance of the heterogeneity of results 
across studies
b The carryover period was the first 60 d (approximately) of a lactation following one in which rBST had been used
c Only studies where rBST had been used for  200 d and which measured body condition on a 5-point scale were included in the meta-
analysis. Results from other studies summarized in the text

95% Confidence Interval

Table III. Comparison of results from fixed and random effects meta-analyses of the effects of recombinant bovine somatotropin 
(rBST) on production and nutrition-related parameters

 Number of
Parameter groups Estimate P Estimate P P
3.5% FCM — all cows (kg/day) 28 4.47  0.01 4.43  0.01  0.01
3.5% FCM — primiparous Holsteins (kg/day) 6 3.30  0.01 3.03  0.01 0.01
3.5% FCM — multiparous Holsteins (kg/day) 7 4.36  0.01 4.36  0.01 0.68
3.5% FCM — carryover perioda (kg/day) 3 0.66 0.40 0.66 0.40 0.61
% fat 27 0.060  0.01 0.062  0.01 0.43
% lactose 15 0.015 0.07 0.015 0.07 0.89
% protein — all cows 27 0.022  0.01 0.013 0.35  0.01
% protein — primiparous Holsteins 6 0.015 0.41 0.018 0.53 0.03
% protein — multiparous Holsteins 7 0.036 0.01 0.036  0.01 0.98
Dry matter intake (kg/day) 22 1.46  0.01 1.52  0.01  0.01
BCS at end of study periodb 4 0.19  0.01 0.22  0.01 0.03
BCS in carryover period 3 0.19  0.01 0.19  0.01 0.96
FCM — fat corrected milk; BSC — body condition score
a The carryover period was the first 60 d (approximately) of a lactation following one in which rBST had been used
b Only studies where rBST had been used for  200 d and measured body condition on a 5-point scale were included in the meta-analysis. 
Results from other studies summarized in the text

   Test for
 Fixed effect Random effect heterogeneity
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plots for each parameter, 2 statistical tests (Begg’s and Egger’s) based 
on the same principle of identifying an association between 
parameter estimates and their standard error were computed. None 
of the funnel plots provided any strong evidence of publication bias 
and, with the exception of Egger’s test when applied to % protein, 
none of the statistical tests were significant at P = 0.05. However, it 
should be noted that these procedures have relatively low power to 
detect bias when they are based on fewer than 20 studies. 
Nevertheless, the fact that there was little evidence of publication 
bias and that this review did include results from studies that had 
not been published in the peer-reviewed literature, suggests that 
publication bias was not a major problem for this meta-analysis.

In any meta-analysis it is important to determine what factors may 
be contributing to variation in study results. Meta-regression was 
used to evaluate the effects of several factors on each outcome of 
interest. The limited sample size precluded the simultaneous 
evaluation of multiple factors so that each factor was evaluated 
individually in its own meta-regression (Table V). Drug formulation 
(sometribove versus others), study size (number of cows), and 
estimated daily dose did not significantly affect any of the outcome 
parameters studied. Other factors: standard error of the estimate, 
parity group (primiparous versus multiparous), publication in 
peer-reviewed journals (versus a company report), and duration of 
treatment appeared to be related to selected outcome parameters. 
These associations are discussed below.

Effects on milk production
A meta-analysis based on 28 groups of cows from 19 studies 

(16–34) determined that the overall effect of rBST was to produce an 

increase in 3.5% fat-corrected milk of approximately 4.4 kg per day 
(Table II and Figure 1). It was noted that there was considerable 
variability among studies and that parity group was a significant 
contributor to this variation (Table V). Consequently, separate 
analyses for primiparous and multiparous Holstein cows were 
carried out (Table II). This substantially reduced the variability 
among studies and suggested that, on average, primiparous 
Holsteins produced an extra 3.0 kg per day, while multiparous 
Holsteins produced an extra 4.3 kg per day when treated with rBST. 
The average production levels in primiparous and multiparous cows 
in the control groups of these studies were 26.6 and 27.9 kg per day, 
respectively, so the average percentage increase in milk production 
was 11.3% for primiparous cows and 15.6% for multiparous cows. 
The duration of the treatment period was marginally significantly 
associated with the treatment effect with an apparent decrease of 
0.008 kg/d in the magnitude of the treatment response for each 
additional day of treatment.

The meta-analysis of milk production during the “carry-over” 
period (Table II) suggested that there was no significant effect of 
rBST on production in the early lactation period in a lactation 
subsequent to one in which rBST had been used. 

While most North American studies reported milk production in 
terms of 3.5% fat-corrected-milk (3.5% FCM), a second measure of 
overall efficacy recorded in the database was 4% FCM derived from 
studies carried out in the United Kingdom (35,36), France (37) and 
Germany (38). The first 2 studies reported increased yields similar to 
those observed in North American studies. However, the German 
study reported reduced yields in each of the 3 study years, although 
none of the individual year reductions were statistically significant.

Table IV. Comparison of results from meta-analyses based on studies of sometribove, other recombinant bovine somatotropin 
(rBST) formulations and all products combined. Only parameters for which there were studies on other formulations are listed 

Parameter Fixed/randoma Formulation Number of studies Estimate P
3.5% FCM (kg/day) R all 28 4.43 0.00
  sometribove 16 4.72 0.00
  other 12 3.87 0.00
% fat F all 27 0.062 0.00
  sometribove 15 0.061 0.00
  other 12 0.066 0.05
% lactose F all 15 0.015 0.07
  sometribove 11 0.015 0.07
  other 4 0.009 0.89
% protein R all 27 0.013 0.35
  sometribove 15 0.005 0.75
  other 12 0.029 0.09
Dry matter intake (kg/day) R all 22 1.52 0.00
  sometribove 17 1.56 0.00
  other 5 1.36 0.00
BCS at end of study periodb R all 4 -0.22 0.00
  sometribove 2 -0.20 0.00
  other 2 -0.25 0.12
FCM — fat corrected milk; BCS — body condition score
a The choice of fixed (F) or random (R) effects model was based on a test of the statistical significance of the heterogeneity of results 
across studies based on all formulations
b Only studies where rBST had been used for  200 d and measured body condition on a 5-point scale were included in the meta-analysis
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Most of the studies had been carried out in institutional herds 
(university or pharmaceutical company), and may not reflect results 
obtained under commercial conditions. However, the results of these 
meta-analyses were consistent with the 894 kg increase over a 
305-day lactation period observed in an observational study of 
340 dairy herds from the northeastern United States (39). 

Effects on milk composition
Eighteen studies contained usable data on milk composition 

(16,17,19–25,27–34,40). From these studies, there was evidence of a very 
small, but statistically significant, increase in the level of butterfat in 
the milk from treated cows (Table II). However, most of the evidence 
for this increase came from 2 short-term (12 wk) studies carried out in 
New York (32) and Michigan/New York (30). There was evidence from 
the meta-regressions that as the duration of treatment lengthened, the 
increase in butterfat percentage dropped by 0.0005% per day. In relative 
terms, an increase of 0.06 percentage points in the butterfat level would 
represent only a 1.5 to 2.0% increase. It was concluded that, even if 
consistently obtained, an increase of this magnitude would not be of 
any substantial consequence to the dairy industry.

When looking at all of the studies together, there was no consistent 
evidence of an overall effect on the protein content of milk produced 
by treated cows (Table II).  While there were 3 specific studies (30–32) 
which reported statistically significant reductions, there were many 
other studies which reported increases. Given that protein demands 
differ substantially between primiparous and multiparous animals, 
separate meta-analyses for these 2 groups were carried out. These 
results suggested that there was no effect of rBST on % protein in 
primiparous cows but a small positive effect in multiparous cows of 
0.036 percentage points (approximately a 1% increase). Meta-
regression analyses also suggested that results from non 
peer-reviewed studies were more likely to report an increase in 
protein levels. This was likely a spurious finding. It was felt that the 
small positive effect in multiparous cows was too small to be of any 
practical consequence to the dairy industry.

Although there appeared to be a very small effect on the lactose 
concentration in milk (Table II), this effect was not statistically 
significant (P = 0.07). Even if the apparent effect was real, it was too 
small to be of any practical consequence. 

Effects on dry matter intake
The effects of rBST on several nutritional factors, including dry 

matter intake, gross feed efficiency and a net energy intake were 
considered. Of these, only dry matter intake was evaluated in detail 
and summarized for 2 reasons. First, the other parameters were 
infrequently reported and second, even if reported, the methods of 
reporting were highly variable across studies, precluding 
computation of any summary effects. 

There was considerable variability among studies (16,
21–24,26,29,34,36,38,40–42) with respect to the observed effect of 
rBST on dry matter intake in dairy cows. However, overall, the dry 
matter intake of treated cows was increased, on average, by 
approximately 1.5 kg/d (Table IV and Figure 3). None of the factors 
investigated in the meta-regressions were found to have a significant 
effect on the DMI estimates, but these analyses would have had very 
limited power given the small number of studies available.

There was also evidence that the increased dry matter intake 
carried over to the early lactation period in the subsequent lactation. 
Two studies (40,43) reported dry matter intakes during the carry-over 
period and both found significantly increased dry matter intake 
during this period. 

Effects on body condition
Studies of rBST used multiple ways of measuring the effects of 

the drug on body condition. The database established for the review 
of rBST included values for each of the following parameters: BCS 
throughout the treatment period (the average scores when assessed 
at regular intervals throughout the treatment period), BCS at the end 
of the treatment period (recorded separately for treatment 
periods  200 d and  200 d), change in BCS (change in BCS over 

Table V. Sensitivity analyses of results from meta-analyses based on all formulations of recombinant bovine somatotropin (rBST). 
Table contents are P-values for the significance of the effect of the factor evaluated using meta-regression analyses

  Parity Number Standard Peer- Duration Daily dose
Parameter Formulationa groupb of cows error review (days)  (mg/day)
3.5% FCM (kg/day) 0.19 0.02 0.32 0.95 0.65 0.04 0.15
3.5% FCM — carryover periodc NA 0.91 0.92 0.79 0.91 0.42 0.43
% fat 0.85 0.02 0.89 0.07 0.26 0.00 0.73
% lactose 0.93 0.31 0.26 0.89 0.78 0.16 0.25
% protein 0.40 0.39 0.90 0.23 0.00 0.00 0.12
Dry matter intake (kg/day) 0.77 0.26 0.61 0.25 0.20 0.55 0.36
BCSd 0.83 0.02 0.83 0.01 0.83 NA 0.83
BCS — carryover period NA NA 0.89 0.82 NA NA NA
FCM — fat corrected milk; BCS — body condition score; NA — not applicable (factor did not vary across the studies used in the 
meta-analysis
a Formulation was sometribove (Monsanto) compared to other formulations
b Three parity groupings: all cows combined, primiparous animals only, multiparous animals only
c The carryover period was the first 60 d (approximately) of a lactation following one in which rBST had been used
d Only studies where rBST had been used for  200 d and measured body condition on a 5-point scale were included in the meta-analysis. 
Results from other studies summarized in the text
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the treatment period), body weight (at end of treatment period), and 
daily weight change (throughout the treatment period). All BCS 
measurements were on the standard scale of 1 to 5 units.

Although all of these parameters were included in the database, 
BCS at the end of a treatment period lasting more than 200 d was 
the parameter most commonly extracted from the studies reviewed 
and was the only parameter subjected to meta-analysis. However, 
although this parameter was reported in many studies, many of them 
did not report standard errors of the estimates and consequently 
these results could not be included in the meta-analyses.

The overall estimate of the effect of rBST on body condition score 
at the end of the treatment period ( 200 d) was a reduction of 
approximately 0.2 units (Tables II and IV).  However, only 2 studies 
with 4 groups of cows (16,20) reported adequate data (point estimates 
and standard errors) to allow them to be included in the 
meta-analysis. The influence of individual studies on the overall 
estimate was determined by sequentially leaving out individual 
studies and repeating the analysis. Doing so resulted in a range of 
estimates from -0.15 to -0.25 units. Four other studies (18,22,40,44) 
with 10 groups of cows, which reported this parameter but did not 
include standard errors of the estimate, reported an average 
reduction of 0.15 units (based on a simple arithmetic average).

There was some evidence of publication bias in the meta-analysis 
of BCS. Both Begg’s and Egger’s tests for bias were marginally 
significant (P = 0.09 and 0.07, respectively). The meta-regression of 
the effect on BCS on the standard errors of the subjects confirmed 
that studies with large standard errors tended to have larger (more 
negative) effects. Since monitoring body condition was not the 
primary focus of any of these trials, it is difficult to determine how 
such a publication bias might arise.

Two studies (19,37) involving 4 groups of cows reported BCS 
throughout the treatment period. On average they reported scores 
approximately 0.4 units lower in treated cows than in control cows. 
Statistical significance was only assessed in the former study and in 
that study the reductions were significant.

Of the 5 studies (17,31,32,45,46) that reported BCS at the end of a 
treatment period, which had been less than 200 d in length, 4 of them 
reported a reduction in body condition. Body weights at the end of 

a treatment period were recorded from 5 groups of cows in 4 studies 
(41,47–49) with lower body weights in treated cows being reported 
in 3 groups. 

Change in BCS values were reported from 4 groups of cows in 
2 studies (20,50) with treated cows gaining less body condition than 
control cows in all groups. Two studies (23,29) reported changes in 
body weight as daily weight changes and once again, treated cows 
gained less weight than control cows.

There was evidence that this difference in body condition carried 
over into the first 60 d of the subsequent lactation (the carryover 
period). Although this was recorded from relatively few studies, the 
meta-analysis of 2 studies (3 groups of cows) (34,42), which did 
report this parameter, found a significant reduction in body condition 
of approximately 0.2 units in the early lactation period of the 
subsequent lactation (Table II).

The effect of rBST on body condition was reported in many 
different ways across many studies. Overall, it was evident that 
treatment with rBST resulted in lower BCS among treated cows at 
the end of the treatment period. It was also evident that this 
reduction in body condition persists into the early period of the 
subsequent lactation. Although it appeared that most studies 
reported paying careful attention to the nutritional requirements of 
the cows, these results may have arisen from treated cows being 
underfed or control cows being overfed.  Despite the increase in dry 
matter intake associated with treatment and the high level of 
nutritional management, treated cows entered the subsequent 
lactation in a lower state of body condition than control cows. 
Depending on the level of body condition in these cows, this effect 
may have been beneficial or detrimental. The ability to adequately 
manage the nutrition of cows treated with rBST may also have 
improved in the, approximately, 10 y since most of the studies used 
in the meta-analyses were conducted. 

In conclusion, rBST increases average daily milk by 3.0 kg (11.3%) 
in primiparous Holsteins and 4.3 kg (15.6%) in multiparous 
Holsteins. However, these are average values and actual responses 
varied considerably from study to study. There was a very small 
increase in the butterfat content of milk produced and in the protein 
content of milk produced by multiparous cows. However, the 
magnitudes of these increases were very small and not likely of much 
consequence to the dairy industry.

Dry matter intake was increased by, on average, 1.5 kg/d and 
there was evidence that this increased consumption carried over 
through the dry period and into the first 60 d of the subsequent 
lactation. Despite this increase in dry matter intake, treatment with 
rBST reduced the body condition of cows, compared to control cows. 
The increased dry matter intake did not appear to be adequate to 
compensate for the increased energy output associated with the 
increased milk yield. This BCS reduction appeared to carry over into 
the early portion of the next lactation.
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Figure 3. Forest plot of effects of recombinant bovine somatotropin (rBST) 
on dry matter intake (DMI) (kg/d). The overall estimate was derived from 
the random effects meta-analysis. See text for explanation of components 
of the graph. Upper ends of confidence intervals truncated at 4 kg/d. 
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